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(57) ABSTRACT 

A silicon carbide semiconductor device that includes J-FETs 
has a drift layer of epitaxially grown silicon carbide having 
a lower impurity concentration level than a Substrate on 
which the drift layer is formed. Trenches are formed in the 
surface of the drift layer, and first gate areas are formed on 
inner walls of the trenches. Second gate areas are formed in 
isolation from the first gate areas. A source area is formed on 
channel areas, which are located between the first and 
second gate areas in the drift layer. A method of manufac 
turing the device ensures uniform channel layer quality, 
which allows the device to have a normally-off character 
istic, small size, and a low likelihood of defects. 

12 Claims, 17 Drawing Sheets 
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1. 

SILICON CARBIDE SEMCONDUCTOR 
DEVICE AND MANUFACTURING METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

This application relates to and incorporates by reference 
Japanese patent application number 2001-260210, which 
was filed on Aug. 29, 2001, and Japanese patent application 
number 2002-216665, which was filed on Jul. 25, 2002. 

BACKGROUND OF THE INVENTION 

The present invention relates to a silicon carbide semi 
conductor device, having J-FETs, and a manufacturing 
method. 

Such a silicon carbide semiconductor device, having 
J-FETs, is provided in, for example, an unexamined patent 
publication H2000-312008. A cross-sectional view of an 
n-channel J-FET, provided in this publication, is shown in 
FIG. 33. As shown in this figure, the n-channel J-FET is 
formed using a Substrate consisting of an n-type drift layer 
J2 grown on an n-type substrate J1, which consists of SiC. 
A p-type first gate area J3 is formed on the surface of the 
n-type epi-layer J2. A trench J4, penetrating the first gate 
area J3 and reaching the n-type drift layer J2, is then 
formed. 
An n-type channel layer J5 is grown epitaxially on a 

surface of the first gate area J3 as well inside the trench J4. 
A p-type second gate area J6 is then formed on a Surface of 
the n-type channel layer J5 inside the trench J4. Further 
more, n-type source areas J7 are formed in the n-type 
channel layer J5 at areas that are not located between the first 
and second gate areas J3 and J6. 

Furthermore, source electrodes J9, which are electrically 
connected to the n-type source areas J7, and a gate elec 
trode J8, which is electrically connected to the first and 
second gate areas J3, J6, are provided. Finally, a drain 
electrode J10 is provided on a backside of the n-type 
substrate J1 to complete the J-FET shown in FIG. 22. 

In this J-FET, a voltage being applied to the gate electrode 
J8 is controlled for controlling the distance over which a 
depletion layer extends through the n-type channel layer J5 
and for forming a channel, so that current flows between the 
Sources and the drain through the channel. 

In the J-FET described above, the n-type channel layer J5 
is grown epitaxially inside the trench J4. Say that a bottom 
surface of the trench J4 is surface a, and side walls are 
surfaces c. The rates of epitaxial growth differ between the 
Surface a and the Surfaces c, and the quality of the n-type 
channel layer J5 would be different between the film formed 
on the bottom surface of the trench J4 and on the side walls. 
More specifically, the amounts of impurity doping in the 
n-type channel layer J5 can vary by an order magnitude 
between different areas. 

Although epitaxial growth is less Susceptible to crystal 
defects compared with ion implanting, crystal defects, nev 
ertheless, are created because the epitaxial growth takes 
place inside the trench J4. 
When the n-type channel layer J5, which is used as a 

channel, has inconsistent levels of impurity doping and has 
crystal defects, electrical characteristics of the currents flow 
ing through the channel can be inconsistent. Therefore, it is 
difficult to form J-FET devices with uniform quality levels. 
As provided in the unexamined patent publication 

H9-172187 and 2000-31483, a silicon carbide semiconduc 
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2 
tor device that addresses this problem may be formed by 
using the drift layer as the channel area to ensure uniform 
quality. 
A silicon carbide semiconductor device provided in the 

unexamined patent publication H9-172187 is shown in FIG. 
34. The reference numerals in FIG.33 are used again in FIG. 
34 for the like parts. In this semiconductor device, a mul 
titude of trenches J4 are formed at the surface of the n-type 
drift layer J2, and a p-type epitaxial film J11 is formed on 
inner side walls of the trenches J4. An n-type source area J12 
is formed on the surface of the drift layer J2, excluding the 
areas where the trenches J4 are formed. The channel area J13 
is an area beneath this source area J12. In this semiconductor 
device, the channel area J13 is located between pnjunctions 
found between the channel area J13 and the epitaxial film 
J11 
The n-type drift layer J2 is formed by an epitaxial growth 

method, and the drift layer J2 is used as the channel area J13 
in the structure described above. For this reason, uniform 
quality is ensured with this J-FET. 

In J-FET devices used in automotive applications, cur 
rents flowing through the source and the drain should be 
turned off when a bias on the gate is turned off, or the device 
should have a normally-off characteristic. Such a normally 
off characteristic is obtained if depletion layers extend into 
the channel area from the pnjunctions between the channel 
area J13 and the p-type epitaxial film J11 and pinch off the 
channel area when a bias is not applied to the gate. There 
fore, the smaller the width of the channel area, the easier it 
is for the depletion layers from both sides of the channel area 
to reach one another and pinch off the channel area. 

In the silicon carbide semiconductor device shown in 
FIG. 34, however, the width of the channel is determined by 
the distance between the adjacent trenches at the surface of 
the drift layer J2. Therefore, the width of the channel area is 
determined by the width of the area left behind on the drift 
layer J2 after the trenches are etched. 

Normally, the width of the channel area should be slightly 
less than one micron in order to ensure a pinch off by the 
depletion layers. It is difficult, however, to achieve sub 
micron spacing between adjacent trenches with trench etch 
ing technology. Process non-uniformity becomes significant 
when trenches are etched with Sub-micron spacing in 
between, making it difficult to obtain J-FET devices with 
normally-off characteristics. 
A silicon carbide semiconductor device provided in the 

unexamined patent publication 2000-31483 is shown in FIG. 
35. In this semiconductor device, a first gate area J20 is 
formed by ion implanting on an area where trenches J4 are 
not formed on a drift layer J2, or an area left behind by a 
trench etching process. 

Gate electrodes J22 are formed on inner walls of trenches 
J4 on top of an insulating film J21 formed with, for example, 
an oxide film. In other words, MOS structures, consisting of 
the drift layer J2, the insulating film J21a, and the gate 
electrodes J22, are formed near side walls of the trenches J4. 
Out of the drift layer J2, areas between the first gate area J20 
and the side walls of the trenches J4 become channel areas 
J23. Therefore, the drift layer J2 is used as the channel areas 
J23. For this reason, uniform quality is ensured with the 
J-FET devices. 

Furthermore, second gate areas J24 are formed in the drift 
layer J2 at areas facing bottom surfaces of the trenches J4. 
This semiconductor device has junctions between the first 
gate area J20 and the insulating film J21a and junctions 
between the first gate area J20 and the second gate areas J24. 



US 7,173,284 B2 
3 

When a bias is not applied to the gates, depletion layers 
extend from pnjunctions between the first gate area J20 into 
the channel areas J23, and depletion layers also extend out 
from the insulating films J21a into the channel areas J23. As 
a result, the channel areas J23 get pinched off. 
As mentioned earlier, the widths of the channel areas J23 

in this semiconductor device is adjusted by forming the first 
gate area J20 by ion implanting. However, when the semi 
conductor device, having the structure described above, is 
manufactured, the widths of the channel areas become 
non-uniform, making it difficult to ensure a normally-off 
characteristic with the semiconductor device. 

Even if the resulting semiconductor device were to offer 
a normally-off characteristic, the device faces another prob 
lem. When a bias is applied to the gates, or when the device 
is turned on, the depletion layers that are pinching off the 
channel areas J23 become smaller, and currents flow 
between the Source and the drain. Because a Voltage is 
applied on the oxide film, the depletion layers extending 
from the MOS structure into the channel areas J23 do not 
show much change, and only the depletion layers extending 
from the pnjunctions become Smaller. In other words, only 
the size of the depletion layers extending from the pn 
junctions is controlled, and the channels remain narrow even 
when the device is turned on. As a result, resistance is large. 

In the structures shown in FIG. 34 and FIG. 35, the source 
electrodes J9 and the gate electrodes J8, J22 are formed in 
the cell area. Contact areas are required for the Source 
electrodes J9 and the gate electrodes J8, J22 on the surfaces 
of the semiconductor Substrate. Furthermore, an insulating 
area J21b is required for isolating the source electrode J9 and 
the gate electrode J22, especially in the structure shown in 
FIG. 24, in which the source electrode J9 and the gate 
electrode J22 are formed adjacently. 

Furthermore, because the trenches J4 are formed on the 
surface of the semiconductor substrate in the structures 
shown in FIG. 34 and FIG. 35, steps are formed at the 
surface. For this reason, it is difficult to ensure good wire 
bonding characteristics, when wires are bonded on these 
devices for external contacts. The gate electrode J22 is 
especially susceptible to open failures at the steps J25 in the 
Structure shown in FIG. 35. 

SUMMARY OF THE INVENTION 

The present invention addresses the problems described 
above by providing a silicon carbide semiconductor device, 
having J-FETs, and a manufacturing method that ensure 
uniform quality of a channel layer and making it easier to 
offer a normally-off characteristic. 
The present invention also provides a silicon carbide 

semiconductor device and a method of manufacturing that 
makes the cell size Smaller. 

In addition, the present invention provides a silicon car 
bide semiconductor device and a method of manufacturing 
that minimizes failures caused by Steps that exist on the 
Surface of a Substrate. 
To achieve these objectives, the invention is a J-FET 

having a semiconductor Substrate, which includes a Sub 
strate 1 of a first conductivity type made of silicon carbide, 
and a drift layer 2 of the first conductivity type made of 
silicon carbide, grown epitaxially on the Substrate 1 and 
having a lower impurity concentration than the Substrate 1: 
trenches 3 formed at the surface of the drift layer 2; first gate 
areas 4 of a second conductivity type formed on inner walls 
of the trenches 3; a second gate area 5 of the second 
conductivity type formed at the surface of the drift layer 2 
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4 
in isolation from the first gate areas 4 at an area different 
from where the trenches 3 are formed and having a depth 
similar to the trenches 3; channel areas 6 in the drift layer 2 
at areas sandwiched between the first and second gate areas 
4, 5; a source area 7 of the first conductivity type formed on 
top of the channel areas and having a higher impurity 
concentration than the drift layer 2; a first gate electrode 12 
electrically connected to the first gate area 4; a second gate 
electrode 12 electrically connected to the second gate area 5: 
a source electrode 9 electrically connected to the source area 
7; and a drain electrode 10 formed on a backside of the 
substrate 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic plan view of the silicon carbide 
semiconductor device of the first embodiment of the present 
invention; 

FIG. 2 is a cross-sectional view of the silicon carbide 
semiconductor device of FIG. 1 taken along line A A in 
FIG. 1; 

FIG. 3 is a cross-sectional view of the silicon carbide 
semiconductor device of FIG. 1 taken along line B B in 
FIG. 1; 

FIG. 4 is a cross-sectional view of the silicon carbide 
semiconductor device of FIG. 1 taken along line C C in 
FIG. 1; 

FIG. 5 is a cross-sectional diagram showing a manufac 
turing stage of the silicon carbide semiconductor device in 
FIGS. 1 to 4: 

FIG. 6 is a cross-sectional diagram showing a manufac 
turing stage of the silicon carbide semiconductor device 
subsequent to that of FIG. 5: 

FIG. 7 is a cross-sectional diagram showing a manufac 
turing stage of the silicon carbide semiconductor device 
subsequent to that of FIG. 6; 

FIG. 8 is a cross-sectional diagram showing a manufac 
turing stage of the silicon carbide semiconductor device 
subsequent to that of FIG. 7: 

FIG. 9 is a cross-sectional view showing a manufacturing 
stage of the silicon carbide semiconductor device Subse 
quent to that of FIG. 8: 

FIG. 10 is a cross-sectional view taken along line A A 
of FIG. 1 showing a manufacturing stage of the silicon 
carbide semiconductor device subsequent to that of FIG. 9; 

FIG. 11 is a cross-sectional view taken along line B B 
of FIG. 1 showing a manufacturing stage of the silicon 
carbide semiconductor device subsequent to that of FIG. 9; 

FIG. 12 is a cross-sectional view of the silicon carbide 
semiconductor device of a second embodiment of the 
present invention taken along line A A of FIG. 1; 

FIG. 13 is a cross-sectional view of the silicon carbide 
semiconductor device of the second embodiment of the 
present invention; 

FIG. 14 is a cross-sectional view of the silicon carbide 
semiconductor device of a third embodiment of the present 
invention; 

FIG. 15 is a cross-sectional view of the silicon carbide 
semiconductor device of the third embodiment of the present 
invention; 

FIG. 16 is a cross-sectional view of the silicon carbide 
semiconductor device of a fourth embodiment of the present 
invention; 

FIG. 17 is a cross-sectional view of the silicon carbide 
semiconductor device of a fifth embodiment of the present 
invention; 
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FIG. 18 is a diagram showing a manufacturing stage of 
the silicon carbide semiconductor device in FIG. 17: 

FIG. 19 is a diagram showing a manufacturing stage of 
the silicon carbide semiconductor device in FIG. 17: 

FIG. 20 is a cross-sectional view of the silicon carbide 
semiconductor device of a sixth embodiment of the present 
invention; 

FIG. 21 shows a cross-sectional view of the silicon 
carbide semiconductor device of a seventh embodiment of 
the present invention; 

FIG. 22 is a cross-sectional view of the silicon carbide 
semiconductor device of an eighth embodiment of the 
present invention; 

FIG. 23 is a cross-sectional view of the silicon carbide 
semiconductor device of a ninth embodiment of the present 
invention; 

FIG. 24 is a cross-sectional view of the silicon carbide 
semiconductor device of a tenth embodiment of the present 
invention; 

FIG. 25 is a cross-sectional view of the silicon carbide 
semiconductor device of an eleventh embodiment of the 
present invention; 

FIGS. 26–29 are cross-sectional diagrams showing stages 
of a manufacturing process for the silicon carbide semicon 
ductor device in FIG. 25: 

FIG. 30 is a cross-sectional view of the silicon carbide 
semiconductor device of a twelfth embodiment of the 
present invention; 

FIG. 31 is a cross-sectional view showing a manufactur 
ing stage of the silicon carbide semiconductor device in FIG. 
30: 

FIG. 32 is a cross-sectional view showing a manufactur 
ing stage of the silicon carbide semiconductor device in FIG. 
30: 

FIG. 33 is a cross-sectional diagram showing a first 
example of a prior silicon carbide semiconductor device; 

FIG. 34 is a cross-sectional diagram showing a second 
example of a prior silicon carbide semiconductor device; 

FIG. 35 is a cross-sectional diagram showing a third 
example of a prior silicon carbide semiconductor device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

First Embodiment 
FIG. 1 shows a cell area, or section, and a peripheral area 

Surrounding the cell area. FIG. 2 shows a cross-sectional 
view along a line A A of FIG. 1, which is in the cell area, 
and FIG. 3 and FIG. 4 show cross-sectional views along 
lines B B and C C of FIG. 1, respectively, which are in 
a peripheral area. 
As shown in FIG. 1, in the silicon carbide semiconductor 

device, a cell that makes up a J-FET is formed in stripes in 
the cell area. The peripheral area is an area in which no 
transistor is formed. 

Specifically, as shown in FIG. 2, a semiconductor sub 
strate, that includes an n-type substrate 1 having an impu 
rity concentration level of more than or equal to 1E19/cm, 
and an n-type drift layer 2, having an impurity concentra 
tion level of, for example, 1E15/cm to 5E16/cm, is used. 
A multitude of trenches 3 are formed in isolation from 

each other at a surface of the n-type drift layer 2 in the cell 
area. The trenches 3 have side walls that form 60 degree to 
90 degree angles with respect to a bottom surface. First gate 
areas 4, which are made of a p-type layer, are grown 
epitaxially on the surfaces of the inner walls of the trenches 
3. A second gate area 5, which is made of a p-type layer, is 
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6 
formed in an area of the n-type drift layer 2 between the 
first gate areas 4. The second gate area 5 has a depth 
comparable to the first gate areas 4 and terminates at a 
surface of the n-type drift layer 2. The first and second gate 
areas 4, 5 have impurity concentration levels of for 
example, 5E17/cm to 5E19/cm. 

Areas between the first and second gate areas 4, 5 in the 
n-type drift layer 2 are channel areas 6. An n-type source 
area 7 is grown epitaxially at the surface of the first and 
second gate areas 4, 5 and at the Surface of the channel areas 
6. The n-type source area 7 has an impurity concentration 
level of, for example, 1E18/cm to 5E19/cm. 
A source electrode 9, electrically connected to the n-type 

Source area 7 through a contact hole in an interlayer insu 
lating film 8, is formed at the surface of the n-type source 
area 7. The source electrode 9 is made of a material like Ni, 
which is capable of establishing an Ohmic contact with an 
n-type area. A drain electrode 10 is formed on the backside 
of the n-type substrate 1 to complete the structure shown in 
FIG 2. 

As shown in FIG.3 and FIG. 4, the peripheral area of the 
cell basically has the same structure as the cell area, except 
that the peripheral area does not include the n-type source 
area 7 and the source electrode 9, which are included in the 
cell area. Instead, the peripheral area includes a p-type layer 
11 an area having a second conductivity type on the Surface 
of the first and second gate areas 4, 5 and the n-type drift 
layer 2. Gate electrodes 12 are formed on the surface of the 
p"-type layer 11. The gate electrodes 12 are electrically 
connected to the p-type layer 11 through contact holes in the 
interlayer insulating film 8 and are made of Al or Ti in order 
to form Ohmic contact with the p-type area. As thus 
described, the peripheral area has a structure that facilitates 
electrical contact between the first and second gate areas 4. 
5 and the gate electrodes 12, as shown in FIG. 3 and FIG. 
4. 

In the present embodiment, the source electrode 9 is only 
formed in the cell area, while the gate electrodes 12 are only 
formed in the peripheral area. As shown in FIG.34 and FIG. 
35, a device structure having the gate electrodes formed in 
the cell area would require contact areas for the gate 
electrodes at the surface of the semiconductor substrate in 
the cell area. On the other hand, because the gate electrodes 
are not formed in the cell area in the present embodiment, 
contact areas for the gate electrodes are not required in the 
cell area. Furthermore, as shown in FIG. 35, a structure 
having a gate electrode and the Source electrode next to each 
other would require areas for forming the insulating film 21 
for isolating the gate electrode and the source electrode. The 
present embodiment, however, does not require Such an area 
for insulation. For this reason, the present embodiment 
offers a smaller cell size compared with the structure in 
which the gate electrodes are formed in the cell area. 
The J-FET having this structure operates in a normally-off 

mode. More specifically, the device is double-gate driven, in 
which the lengths of the depletion layers, which extend into 
the channel areas 6 from both the first and second gate areas 
4, 5, are controlled by a Voltage applied on the gate elec 
trodes 12. For example, when a Voltage bias is not applied 
on the gate electrodes 12, the channel areas 6 are pinched off 
by the depletion layers extending from the first and second 
gate areas 4, 5. Currents between the source and drain areas 
are thus shut off. When a forward bias is applied between the 
first and second gate areas 4, 5 and the channel area 6, the 
depletion layers in the channel areas 6 become shorter. As a 
result, carriers flow through. 
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Next, a method of manufacturing the silicon carbide 
semiconductor device, shown in FIG. 1 through FIG. 4, is 
explained by referring to manufacturing stages of the silicon 
carbide semiconductor device of FIGS. 5 to 11. Because the 
cell area and the peripheral area are manufactured with 
almost identical process steps, FIGS. 5 to 9 show parts of the 
process that are common to both the cell area and the 
peripheral area. 

Steps Shown in FIG. 5 
On an n-type substrate 1, channels are set up, and an 

n-type drift layer 2 is deposited on the surface between the 
source and drain, as shown by arrows in FIG. 5. A polysili 
con film first mask material 20 is deposited on the surface of 
the n-type drift layer 2, and openings, which correspond to 
second gate areas 5 and trenches 3, are made in the poly 
silicon film 20 by photolithography. Next, an LTO film 
(second mask material) 21 is deposited on the Surface of the 
Substrate. An opening corresponding to the second gate area 
5 is made in the LTO film 21 by photolithography. In other 
words, the LTO film 21 covers the openings in the polysili 
con film 20 corresponding to the trenches 3. 
The widths of the openings in the LTO film 21 are greater 

than the widths of the openings in the polysilicon film 20. In 
this way, mask misalignments during the photolithography 
steps would not prevent the opening for the second gate area 
5 from being formed. 

Using the polysilicon film 20 and the LTO film 21 as a 
mask, p-type impurities (for example, B or Al) are ion 
implanted to form the p-type second gate area 5. The edges 
of the second gate area 5 are defined by the edges of the 
openings in the polysilicon film 20. 

Steps shown in FIG. 6 
After the LTO film 21 is stripped off, another LTO film 

(third mask material) 22 is deposited. Openings correspond 
ing to the trenches 3 are made in the LTO film 22 by 
photolithography. In other words, the LTO film 22 covers the 
opening in the polysilicon film 20 that corresponds to the 
second gate area 5. 

Again, the widths of the openings in the LTO film 22 are 
designed to be larger than the widths of the openings in the 
polysilicon film 20, so that mask misalignments during the 
photolithography steps would not prevent the openings 
corresponding to the trenches 3 from being formed. 

Using the polysilicon film 20 and the LTO film 22 as a 
mask, an etching process is performed for forming the 
trenches 3. For example, an RIE process using CF may be 
used. The edges of the trenches 3 are defined by the edges 
of the openings in the polysilicon film 20. Therefore, both 
the edges of the second gate area 5 and the edges of the 
trenches 3 are defined by the edges of the openings in the 
polysilicon film 20. Because the second gate area 5 and the 
trenches 3 are formed based on patterns in the polysilicon 
film 20, which are formed using a single mask, the second 
gate area 5 and the trenches 3 are formed in a self-aligned 
manner, with equal spacing in between. 

Although the steps shown in FIG. 6 are shown to take 
place after the steps shown in FIG. 5 in this particular 
example, the order of these steps may be reversed. 

Steps shown in FIG. 7 
After the polysilicon film 20 and the LTO film 22 are 

stripped off, a p-type layer 23 is deposited on the substrate 
surface, as well as on the inner walls of the trenches 3. 

Steps shown in FIG. 8 
Using a chemical mechanical polishing (CMP) process, 

the top-most part of the p-type layer 23 is removed, to 
expose the second gate area 5 and the n-type drift layer 2. 
As a result, the p-type layer 23 would only remain on the 
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8 
surfaces of the inner walls of the trenches 3, and the first gate 
areas 4, as well as the channel areas 6 between the first and 
second gate areas 4, 5, are formed by the p-type layer 23. 
As described above, because the trenches 3 and the 

second gate area 5 are formed in a self-aligned manner, the 
first and second gate areas 4, 5 have equal spacing, and the 
channel areas 6 have equal widths. 

Although the second gate area 5 is formed by an ion 
implanting method in this particular example, it is also 
possible to obtain equal spacing between the trenches 3 and 
the second gate area 5 in a self-aligned manner, even when 
the second gate area 5 is formed by an epitaxial growth 
method. 
More specifically, in the steps shown in FIG. 5, a trench 

is formed in the area for the second gate area 5, instead of 
ion implanting for forming the second gate area 5. During 
the steps shown in FIG. 6, the LTO film 22 is formed on top 
of the polysilicon film 20 as well as inside the trenches. 
Then, as shown in FIG. 6, an etching step is performed using 
the polysilicon film 20 and the LTO film 22 as a mask to 
form the trenches 3. 

Then, during the steps shown in FIG. 7, the second gate 
area 5 is formed by an epitaxial growth inside the trench for 
the second gate area 5, after the polysilicon film 20 and the 
LTO film 22 are stripped off. Then, the p"-type layer 23 is 
deposited across the Substrate surface as well as the inner 
walls of the trenches 3. The state shown in FIG. 8 then 
follows. 

Steps shown in FIG. 9 and FIG. 10 
As shown in FIG. 9, an n-type source area 7 is formed 

across the entire surface of the substrate. The n-type source 
area 7 may be formed by either an epitaxial growth method 
for forming an epitaxial film across the entire Substrate 
Surface or by an ion implanting method for forming an 
impurity diffusion area across the entire Substrate surface. 
As shown in FIG. 10, a mask 24, which is made of a resist 

material or a silicon oxide film and covering the cell area, is 
formed on top of the n-type source area 7. As shown in FIG. 
11, a part of the n-type source area 7, corresponding to the 
peripheral area, is selectively etched. The steps that follow 
are not shown in the diagrams. The mask 24 is also used for 
ion implanting p-type impurities (for example, B or All) to 
form a p"-type layer 11 in the peripheral area. Then, an 
interlayer insulating film 8 is formed on the surface of the 
n-type source area 7 and the p"-type layer 11, and contact 
holes are formed in the interlayer insulating film 8. Next, a 
metallic film is formed, and the metallic film is patterned to 
form the source electrode 9 and the gate electrodes 12. Then, 
a drain electrode 10 is formed on the backside of the n-type 
substrate 1, followed by a sintering step to complete the 
silicon carbide semiconductor device having J-FETs as 
shown in FIG. 1 through FIG. 4. 
The conventional semiconductor device having the struc 

ture shown in FIG. 35 required steps for forming two 
junctions between the first gate area J20 and the second gate 
areas J24 and between the first gate area J20 and the 
insulating film J21a on the side walls of the trenches J4, as 
well as the gate electrodes J22. 
On the other hand, only one type of junctions is formed 

in the manufacturing steps for the semiconductor device of 
the present embodiment. For this reason, a fewer number of 
steps is required for manufacturing. More specifically, out of 
the steps required for manufacturing the semiconductor 
device having the structure shown in FIG. 35, the steps for 
forming the insulating film Jila on the side walls of the 
trenches J4 can be eliminated. 
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As explained thus far, the channel areas 6 are formed 
using the n-type drift layer 2 in the silicon carbide semi 
conductor device of the present embodiment. Because the 
n-type drift layer 2 is formed by an epitaxial growth on the 
top surface of the n-type substrate 1, impurity concentration 
is uniform, and the defect level in the crystal is low. 
Compared with the conventional device, the channel areas 
of which are formed by an epitaxially grown film inside the 
trenches, the present embodiment provides the channel areas 
6 with quality levels and electrical characteristics that are 
uniform. The resulting silicon carbide semiconductor device 
has the J-FETs with uniform quality levels. 

Furthermore, in the present embodiment, the first gate 
areas 4 are formed along the inner walls of the trenches 3. 
and the second gate area 5 of the second conductivity type, 
having a depth comparable to the trenches 3, is formed in an 
area that is different from the areas where the trenches 3 are 
formed and in isolation from the first gate areas 4. The areas 
in the drift layer 2 that are sandwiched between the first and 
second gate areas 4, 5 become the channel areas 6, and the 
channel areas 6 have on both sides the pnjunctions between 
the channel areas 6 and the first and second gate areas 4, 5. 

With this structure, it is possible to have the two gate areas 
face each other across the depths of the trenches. Further 
more, it is possible to pinch off the channel areas 6 by taking 
advantage of the depletion layers that stretch out from the 
two pn junctions, when no bias is applied on the gates. 

Because the second gate area 5 is formed by ion implant 
ing, it is possible to control the position of the second gate 
area 5 and achieve narrow spacing between the first gate 
areas 4 and the second gate area 5. In other words, compared 
with the example in FIG. 34, in which the width of the 
channel areas are determined by the trench etching process, 
it is easier to control the widths of the channel areas 6 to 
ensure a normally-off characteristic, because the second gate 
area 5 is formed by ion implanting. 

Furthermore, the first and second gate areas 4, 5 are 
formed in a self-aligned manner, and the width of each 
channel area 6 is uniform. For this reason, the quality of the 
channel areas 6 is more uniform, and quality of the silicon 
carbide semiconductor device, having J-FETs, is also more 
uniform. It is also possible to control the widths of the 
channel areas 6 more precisely in order to ensure a normally 
off characteristic, as the first and second gate areas 4, 5 are 
formed. Therefore, a higher process uniformity is ensured 
compared with when the first and second gate areas are not 
formed in a self-aligned manner. 
As a result of these improvements, it is possible to ensure 

a normally-off characteristic in the silicon carbide semicon 
ductor device. 

In the semiconductor device of the present embodiment, 
the two gate areas face each other across the depths of the 
trenches. Resistance to a Voltage stress between the drain 
and source is determined by the pinch-off depletion layer, 
when no bias is applied on the gate. Because the widths of 
the depletion layers are at least comparable to the widths of 
the trenches, a higher resistance to Voltage stress is achieved 
between the drain and the source. 

Second Embodiment 
FIG. 12 shows a cross-section of a silicon carbide semi 

conductor device of the present embodiment. This figure 
corresponds to a cross-section taken along the line A-A in 
FIG. 2. Unlike the device structure in the first embodiment, 
in the present embodiment the interlayer insulating film 8 is 
not formed in the cell area, and the source electrode 9 is 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
formed across the entire substrate surface. Same reference 
numerals as the FIG. 2 are used for the same parts in this 
drawing. 

In the structure shown in FIG. 2, the source area 7 is 
formed across the entire substrate surface in the cell area. 
Contact holes are formed at positions above the second gate 
area 5 in the interlayer insulating film 8 above the source 
area 7. The source electrode 9 is electrically connected to the 
source area 7 through the contact hole. In other words, in the 
first embodiment, the source electrode 9 and the source area 
7 come into contact with each other only at a part of the 
Substrate surface. 
On the other hand, in the present embodiment, as shown 

in FIG. 12, the interlayer insulating film 8 is not formed in 
the cell area, and a source electrode 9 is formed across the 
entire substrate surface. As a result, the source electrode 9 
and the Source area 7 are in contact across the entire cell 
area. As a result, source resistance is lower compared with 
the device structure in FIG. 2, in which the source electrode 
9 and the source area 7 are in contact only at a part of the 
Substrate surface. 

Another structure is also possible, in which the source 
electrode 9 and the source area 7 are formed across an area 
covering at least the channel areas 6 and the side walls of the 
trenches 3, and the source electrode 9 and the source area 7 
are in contact at least in the area covering the channel areas 
6 and the side walls of trenches 3. Even with this structure, 
it is also possible to reduce the Source resistance compared 
with the example in FIG. 2, in which the area, across which 
the source electrode 9 and the source area 7 are in contact, 
covers only a part of the Substrate surface. 
A method of manufacturing this silicon carbide semicon 

ductor device is similar to the first embodiment, except that 
the interlayer insulating film 8 is not formed in the cell area 
during the steps for forming the interlayer insulating film. 
Or, after the interlayer insulating film 8 is deposited in the 
cell area, a contact hole, at least large enough for the Source 
electrode 9 to be electrically connected to the source area 7 
at least across an area over the channel areas 6 and the side 
walls of the trenches 3, is formed. Such a process would also 
provide the silicon carbide semiconductor device having the 
structure shown in FIG. 12. 

FIG. 13 shows a cross-section of a silicon carbide semi 
conductor device of another example. The surface of the 
semiconductor Substrate is planarized by filling the trenches 
3, in the structure shown in FIG. 12, with first semiconductor 
areas 4, which are formed by an epitaxial growth method. 

If the trenches 3 are not completely filled by the first gate 
areas 4, steps would be created on the surface of the 
semiconductor Substrate, which could cause bonding fail 
ures, as the electrodes get wire bonded for external contacts. 
On the other hand, the trenches 3 are filled with the first gate 
areas 4 in the present embodiment, ensuring planarization 
across the entire Surface of the semiconductor Substrate. As 
a result, wire bonding would be accomplished more Suc 
cessfully. In other words, product failures, caused by steps 
on the substrate surface, would be prevented. 

Because the trenches 3 are filled by the first gate areas 4 
in the structure shown in FIG. 13, the source electrode 9 and 
the source area 7 are in contact across the entire Surface of 
the semiconductor Substrate in the cell area, including the 
first gate areas 4 in the trenches, but not on the side walls of 
the trenches 3. 

Furthermore, the present invention is not limited to a 
structure in which the source electrode 9 and source area 7 
are in contact across the entire Surface of the semiconductor 
Substrate in the cell area, and another structure is possible, 
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in which the area of contact between the source electrode 9 
and the source area 7 cover only a part of the substrate 
surface. In other words, a structure is possible in which the 
insides of the trenches 3 in the structure of the first embodi 
ment are completely filled with the first gate areas 4. This 
structure would also prevent failures caused by steps on the 
Substrate Surface. 

Third Embodiment 
In the present embodiment, the silicon carbide semicon 

ductor device of the first embodiment, shown in FIG. 1 
through FIG. 4, is manufactured by an alternate method of 
manufacturing. FIGS. 14 and 15 show manufacturing stages 
of the silicon carbide semiconductor device. Because the 
manufacturing method of this embodiment is almost iden 
tical to that of the first embodiment, only the parts that are 
different from the first embodiment are shown in FIGS. 14 
and 15. 

Firstly, as shown in FIG. 14, the second gate area 5 is 
formed at the surface of the n-type drift layer 2. While the 
polysilicon film 20 and the LTO 21 were used as masks in 
the first embodiment, a single mask may be used instead. 

Next, a carbon resist film 30 (first mask material) and an 
LTO film 31 (second mask material) are deposited one after 
the other on the surface of the n-type drift layer 2, including 
over the second gate area 5. After the LTO film 31 is 
patterned by photolithography, the carbon resist 30 is pat 
terned using the LTO film 31 as a mask. Then RIE is 
performed using the LTO film 31 as a mask to form the 
trenches 3 at the surface of the n-type drift layer 2. 

Then, the LTO film 31 is stripped off, and an epitaxial 
growth is formed using the carbon resist 30 as a mask. 
Because the epitaxial growth would not take place at the area 
covered by the carbon resist 30, a p-type layer is selectively 
deposited only on the inner walls of the trenches 3 to form 
the first gate areas 4. 

In the process shown in FIG. 15, the carbon resist 30 is 
stripped off. The resulting process would be similar to the 
first embodiment through the steps shown in FIG. 8. Then, 
the steps shown in FIG. 9 and the subsequent steps are 
followed to complete the silicon carbide semiconductor 
device shown in FIG. 1 through FIG. 4. 

Therefore, the first gate areas 4 are formed inside the 
trenches 3 through a selective epitaxial growth only inside 
the trenches 3. 

Fourth Embodiment 
FIG. 16 shows a cross-section of a silicon carbide semi 

conductor device, having J-FETs, of the fourth embodiment 
of the present invention. A structure of the silicon carbide 
semiconductor device of the present embodiment will be 
described by referring to FIG. 16. Because the basic struc 
ture is similar to the first embodiment, only the parts that are 
different from the first embodiment will be described. 
As shown in FIG. 16, the second gate area 5 is embedded 

below the surface of the n-type drift layer 2, and a part of 
the n-type drift layer 2 remains on top of the second gate 
area 5. In other words, a part of the n-type drift layer 2 is 
sandwiched between the n-type source area 7 and the 
second gate area 5. 

Such a silicon carbide semiconductor device may be 
formed by adjusting the energy level for ion implanting 
during the steps shown in FIG. 5 in the first embodiment, so 
that the second gate area 5 would be formed below the 
surface of the n-type drift layer 2. 

Because the second gate area 5, formed by ion implanting, 
and the n-type source area 7 are not in contact in this 
structure, and the pnjunction, which may be susceptible to 
crystal defects caused by ion implanting, would no longer be 
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formed between two areas of high impurity concentration 
levels, which are the n-type source area 7 and the second 
gate area 5. As a result, a potential for hole injection from the 
second gate area 5 into the n-type source area 7, through the 
crystal defects, is eliminated. Recovery characteristics 
would be improved, leakage would be reduced or sup 
pressed, and the silicon carbide semiconductor device would 
become more resistant to Voltage stress. 

Fifth Embodiment 
FIG. 17 shows a cross-section of a silicon carbide semi 

conductor device, having J-FETs, of the fifth embodiment of 
the present invention. A structure of the silicon carbide 
semiconductor device of the present embodiment will be 
described by referring to FIG. 17. Because the structure is 
similar to the first embodiment, only the parts that are 
different from the first embodiment will be discussed. 
As shown in FIG. 17, the n-type source area 7 is formed 

by ion implanting the surface of the n-type drift layer 2 
between the first gate areas 4 with n-type impurities for 
example, N or P in the present embodiment. 
A method of manufacturing Such a silicon carbide semi 

conductor device will be explained by referring to the 
manufacturing steps shown in FIGS. 18 and 19. Because the 
manufacturing process is similar to that of the first embodi 
ment, only the parts that are different from the first embodi 
ment will be mentioned. 

Firstly, the n-type drift layer 2 is formed at the top 
surface of the n-type substrate 1 in the steps shown in FIG. 
18. While the thickness and doping concentration level of 
the n-type drift layer 2 should be determined by the level 
of resistance to a Voltage stress required in the design, the 
impurity concentration level should preferably be 5E14/cm 
to 1E16/cm, and the thickness should preferably be 8 to 50 
microns. For example, in order for the device to withstand 
a 1,000 volt stress, the drift layer 2 should have an impurity 
concentration level of 1E16/cm and a thickness of 10 
microns. Then an LTO film 40 is deposited on the surface of 
the n-type drift layer 2. After an opening corresponding to 
the second gate area 5 is made in the LTO film 40 by 
photolithography, an ion implanting step with p-type impu 
rities is performed using the LTO film 40 as a mask to form 
the second gate area 5 inside the n-type drift layer 2. 
The subsequent steps are not illustrated in FIGS. 18 and 

19. After the steps for forming the trenches 3, as shown in 
FIG. 6, the first gate area 5 is formed, as shown in FIGS. 7 
and 8, and the interlayer insulating film 8, the source 
electrode 9, and the gate electrodes 12 are formed. Finally, 
the drain electrode 10 is formed to complete the silicon 
carbide semiconductor device. 
As thus shown, it is possible to form the n-type source 

area 7 by ion implanting. Even with this approach, the 
effects similar to the first embodiment are achieved, because 
the channel areas 6 between the first and second gate areas 
4, 5 are formed with the n-type drift area 2. Of course the 
n"-type source area 7 may also be formed by an epitaxial 
growth in the steps shown in FIGS. 18 and 19. 

Sixth Embodiment 
FIG. 20 shows a cross-section of a silicon carbide semi 

conductor device having J-FETs of the sixth embodiment of 
the present invention. Similar to the fourth embodiment, the 
device structure of the present embodiment has a part of the 
n-type drift layer 2 sandwiched between the n-type source 
area 7 and the second gate area 5 as in the structure shown 
in the fifth embodiment. Such a structure is possible by 
adjusting the energy level for the ion implanting step in the 
step shown in FIG. 18 to make the top part of the second gate 
area 5 deeper than in the fifth embodiment. Therefore, it is 
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possible to apply the structure shown in the fourth embodi 
ment on the silicon carbide semiconductor device shown in 
the fifth embodiment. As a result, the effect similar to the 
fifth embodiment is obtained, as well as the effect similar to 
the fourth embodiment. 

Seventh Embodiment 
FIG. 21 shows a cross-section of a silicon carbide semi 

conductor device having J-FETs of the seventh embodiment 
of the present invention. In the present embodiment, the 
n"-type source area 7 is exposed by etching a prescribed area 
of the first gate areas 4 in the silicon carbide semiconductor 
device of the fifth embodiment, instead of planarizing the 
first gate areas 4 by CMP. Such a structure is realized by 
stripping the prescribed area of the first gate areas 4 by photo 
etching after the first gate areas 4 are formed by the epitaxial 
growth, as in the fifth embodiment. 

Therefore, it is possible to obtain a contact between the 
n"-type source area 7 and the source electrode 9, without 
planarizing the first gate areas 4, in order to achieve the 
effects similar to the fifth embodiment. 

Eighth Embodiment 
FIG. 22 shows a cross-section of the silicon carbide 

semiconductor device having J-FETs of the eighth embodi 
ment of the present invention. Similar to the fourth embodi 
ment described earlier, the structure of the present embodi 
ment has a part of the n-type drift layer 2 sandwiched 
between the n-type source area 7 and the second gate area 
5 in the structure shown in the sixth embodiment. Such a 
structure is realized by adjusting the energy level for the ion 
implanting step for forming the second gate area 5. So that 
the top part of the second gate area 5 would be deeper than 
in the seventh embodiment. As a result, effects similar to the 
fourth embodiment are achieved with the silicon carbide 
semiconductor device of the seventh embodiment. Effects 
similar to the sixth embodiment are achieved, as well as 
effects similar to the fourth embodiment. 

Ninth Embodiment 
FIG. 23 shows a cross-section of a silicon carbide semi 

conductor device having J-FETs of the ninth embodiment of 
the present invention. In the present embodiment, the 
n"-type source area 7 is formed by ion implanting after the 
first gate areas 4 are formed. In other words, after the steps 
shown in FIGS. 5, 6 and 7 for the first embodiment are 
performed, a prescribed area of the first gate areas 4 is 
stripped by photo etching, and the same mask is also used for 
ion implanting n-type impurities to form the n-type source 
area 7. 

Therefore, the n-type source area 7 may be formed by ion 
implanting after the first gate areas 4 are formed. As a result, 
effects that are similar to the first embodiment are achieved. 

Tenth Embodiment 
FIG. 24 shows a cross-section of a silicon carbide semi 

conductor device having J-FETs of the tenth embodiment of 
the present invention. The present embodiment is similar to 
the fourth embodiment in that a part of the n-type drift layer 
2 is sandwiched between the n-type source area 7 and the 
second gate area 5 in the structure shown in the eighth 
embodiment. Such a structure may be realized by adjusting 
the energy level of the ion implanting step for forming the 
second gate area 5. So that the top part of the second gate 
area 5 would be deeper than in the ninth embodiment. As a 
result, effects that are similar to the fourth embodiment are 
achieved with the silicon carbide semiconductor device 
shown in the ninth embodiment. Effects that are similar to 
the eighth embodiment are achieved, as well as effects that 
are similar to the fourth embodiment. 
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Eleventh Embodiment 
FIG. 25 shows a cross section of the silicon carbide 

semiconductor device, which includes J-FETS, of the elev 
enth embodiment of the present invention. The structure of 
the silicon carbide semiconductor device will be described 
by referring to FIG. 25. Because the basic structure is similar 
to the fifth embodiment, only the parts that are different from 
the fourth embodiment will be discussed. 

In the present embodiment, the trenches 3 are filled with 
the first gate areas 4, and the gate electrodes 12 are formed 
on top of the first gate areas 4 with a metallic layer consisting 
of Ti or Al, which are capable of creating Ohmic contact 
with a p-type layer, and another layer, consisting of Ni, on 
top of the Ti or Al layer. 
A method of manufacturing Such a silicon carbide semi 

conductor device is described by referring to FIGS. 26–29. 
In the steps shown in FIG. 26, an n-type drift layer 2 is 

formed on the top surface of the n-type substrate 1. Then an 
LTO film 50 is deposited on the surface of the n-type drift 
layer 2. An opening corresponding to the second gate area 5 
is made in the LTO film 50 by photolithography. Using the 
LTO film 50 as a mask, an ion implanting step is performed 
with p-type impurities to form the second gate area 5 inside 
the n-type drift layer 2. 

In the steps shown in FIG. 27, the opening in the LTO film 
50 is widened by photo etching. Then, using the LTO film 50 
as a mask, an ion implanting step is performed with n-type 
impurities to form the n-type source area 7 at the surface of 
the n-type drift layer 2. There should preferably be a wide 
spacing between the n-type source area 7 and the second 
gate area 5. 

In the steps shown in FIG. 28, the LTO film 50 is first 
stripped off, and another LTO film is deposited. Openings 
corresponding to the trenches 3 are made in the LTO film. 
Using the LTO film as a mask, trenches 3, having depths 
similar to the second gate area 5, are formed at the Surface 
of the n-type drift layer 2. After the LTO film is stripped off, 
a p-type layer is grown epitaxially to completely fill the 
trenches 3. The p-type layer is planarized by CMP to 
expose the n-type source area 7. The first gate areas 4 are 
formed using the p-type layer in these steps. 

In the steps shown in FIG. 29, the metallic layers are 
deposited, and the metallic layers are patterned to form the 
gate electrodes 12. Then, the interlayer insulating film 8 is 
deposited on the Substrate Surface, contact holes are formed 
in the interlayer insulating film 8, and the source electrode 
9 is formed on the interlayer insulating film 8. Then, the 
drain electrode 10 is formed on the backside of the n-type 
substrate 1, followed by a sintering step to complete the 
silicon carbide semiconductor device of the present embodi 
ment shown in FIG. 21. 
As described thus far, a structure having the trenches 3 

completely filled by the first gate areas 4 is possible. This 
structure yields effects that are similar to the first embodi 
ment. 

In a structure in which the trenches 3 are not completely 
filled by the first gate areas 4, steps would remain on the 
Surface of the semiconductor Substrate, leading to bonding 
failures, as the electrodes are wire bonded for external 
contacts. In the present embodiment, on the other hand, the 
trenches 3 are completely filled with the first gate areas 4 to 
planarize the entire Surface of the semiconductor Substrate. 
As a result, wire bonding can be completed more success 
fully. 

Twelfth Embodiment 
FIG. 30 shows a cross-section of a silicon carbide semi 

conductor device having J-FETs of the twelfth embodiment 



US 7,173,284 B2 
15 

of the present invention. In the present embodiment, the 
second gate area 5 in the device structure in the eleventh 
embodiment is formed at the surface of the n-type drift 
layer 2, and the n-type source area 7 is formed on top of the 
n-type drift layer 2. 
A method of manufacturing Such a silicon carbide semi 

conductor device is described by referring to FIG. 31. 
Because this manufacturing process is basically similar to 
the eleventh embodiment, the manufacturing process will be 
described by referring to the eleventh embodiment. 

In the steps shown in FIG. 31, steps similar to FIG. 26 for 
the eleventh embodiment are performed to form the second 
gate area 5 at the surface of the n-type drift layer 2. The 
second gate area 5 terminates at the Surface of the n-type 
drift layer 2. 

In the steps shown in FIG. 32, steps that are similar to 
FIG. 28 for the eleventh embodiment take place to form the 
trenches 3 and the first gate areas. Then, an n-type layer, 
having an impurity concentration level of 1E18/cm to 
5E19/cm, is deposited on the substrate surface, and the 
n"-type layer is patterned by photo etching to form the 
n"-type source area 7. Then, steps similar to those in FIG. 29 
in the eleventh embodiment are performed to complete the 
silicon carbide semiconductor device shown in FIG. 30. 

Therefore, a structure is possible in which the second gate 
area 5 is formed at the surface of the n-type drift layer 2, 
and the n-type source area 7 is formed on top of the n-type 
drift layer 2. Such a structure yields effects that are similar 
to the first embodiment. 

Other Embodiments 
In the various embodiments described above, parts of the 

n-type drift layer 2 become the channel areas 6 in the 
silicon carbide semiconductor devices having n-channel 
J-FETs. The present invention also applies to silicon carbide 
semiconductor devices having p-channel J-FETs, so that the 
conductivity types of the various parts of the silicon carbide 
semiconductor devices would be reversed. 

Furthermore, the embodiments described above mention 
the double-gate driven J-FETs, in which the first gate 
electrodes, electrically connected to the first gate areas 4. 
and the second gate electrodes, electrically connected to the 
second gate areas 5, are driven by the common gate elec 
trode 12. However, the present invention also applies to a 
silicon carbide semiconductor device having a double-gate 
driven J-FET, the first gate electrodes and the second gate 
electrode of which are separate. 

Furthermore, the present invention also applies to a sili 
con carbide semiconductor device having a single-gate 
driven J-FET, in which only one of the first gate areas 4 or 
the second gate area 5 is used for driving the device, and the 
other is connected to, for example, the source electrode 9, so 
that this gate area would not be used for driving the device. 

The invention claimed is: 
1. A silicon carbide semiconductor device that includes 

J-FETS, the device comprising: 
a semiconductor Substrate that includes a Substrate of a 

first conductivity type, which comprises silicon carbide 
and a drift layer of the first conductivity type, wherein 
the drift layer is comprised of epitaxially grown silicon 
carbide having a lower impurity concentration level 
than the substrate of the first conductivity type, wherein 
the drift layer is located on the substrate of the first 
conductivity type; 

a drain electrode formed on a backside of the substrate; 
a cell area, which is an area of the semiconductor Sub 

strate where the J-FETs are formed; and 
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a peripheral area around the cell area, wherein the cell 

area comprises: 
trenches formed at the surface of the drift layer; 
first gate areas of a second conductivity type formed on 

inner walls of the trenches; 
a second gate area of the second conductivity type, 

wherein the second gate area has almost the same depth 
as the trenches and is formed in isolation from the 
trenches at the surface of the drift layer and in isolation 
from the first gate areas; 

a source area of the first conductivity type formed only in 
the cell area, wherein the source area has a higher 
impurity concentration level than the drift layer and is 
located on top of channel areas, wherein the channel 
areas are located between the first and second gate 
areas in the drift layer; 

a source electrode formed only in the cell area, wherein 
the source electrode is electrically connected to the 
Source area; and 

the peripheral area comprises: 
trenches 
first gate areas: 
Second gate area; 
first gate electrodes formed only in the peripheral area and 

electrically connected to the first gate areas; and 
a second gate electrode formed only in the peripheral area 

and electrically connected to the second gate area, 
wherein the device has a normally-off state in which 
substantially no current flows in the channel areas when 
Substantially no voltage bias is applied to the first and 
second gate electrodes. 

2. A silicon carbide semiconductor device comprising: 
a semiconductor Substrate that includes a Substrate of a 

first conductivity type, which comprises silicon carbide 
and a drift layer of the first conductivity type, wherein 
the drift layer is comprised of epitaxially grown silicon 
carbide having a lower impurity concentration level 
than the substrate of the first conductivity type, wherein 
the drift layer is located on the substrate of the first 
conductivity type; 

a drain electrode formed on a backside of the substrate; 
a cell area, which is an area of the semiconductor Sub 

strate where the J-FETs are formed; 
a peripheral area Surrounding the cell area; wherein the 

cell area comprises: 
a multitude of trenches formed in isolation from each 

other at the surface of the drift layer; 
a multitude of first gate areas of a second conductivity 

type formed in isolation from each other by being 
placed on inner walls of the multitude of trenches: 

a second gate area of the second conductivity type having 
almost the same depth as the first gate areas and formed 
in isolation from the first gate areas at an area between 
the multitude of first gate areas at the surface of the drift 
layer; 

a source area of the first conductivity type formed only in 
the cell area and having a higher impurity concentration 
level than the drift layer and formed on top of channel 
areas, wherein the channel areas are areas in the drift 
layer that are sandwiched between the first and second 
gate areas: 

a source electrode formed only in the cell area and 
electrically connected to the source area; and 

the peripheral area comprises: 
trenches; 
first gate areas: 
a second gate area; 
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first gate electrodes formed only in the peripheral area and 
electrically connected to the first gate areas; and 

second gate electrode formed only in the peripheral area 
and electrically connected to the second gate area, 
wherein the device has a normally-off state in which 
substantially no current flows in the channel areas when 
Substantially no voltage bias is applied to the first and 
second gate electrodes. 

3. The silicon carbide semiconductor device of claim 1, 
wherein the source area and the source electrode are formed 
in the cell area on the surface of the semiconductor substrate 
over an area spanning from the top of the channel areas to 
the side walls of the trenches or across the entire surface of 
the semiconductor Substrate, and the Source electrode and 
the Source area are in contact with each other throughout the 
area spanning from the top of the channel areas to the side 
walls of the trenches or across the entire surface of the 
semiconductor Substrate. 

4. The silicon carbide semiconductor device of claim 1, 
wherein the silicon carbide semiconductor device includes 
an area of the second conductivity type that connects 
between the first and second gate areas on top of the drift 
layer that is between the first and second gate areas in the 
peripheral area, and a gate electrode, which is a common 
electrode for the first and second gate electrodes, is formed 
on the surface of the area of the second conductivity type. 

5. A method of manufacturing a silicon carbide semicon 
ductor device, having a semiconductor Substrate that 
includes a Substrate of a first conductivity type consisting of 
silicon carbide and a drift layer of the first conductivity type 
consisting of silicon carbide with a lower impurity concen 
tration level than the substrate and formed by an epitaxial 
growth on the substrate; a drain electrode formed on the 
backside of the substrate; a cell area, which is an area of the 
semiconductor substrate where the J-FETs are formed; and 
a peripheral area Surrounding the cell area, wherein the 
device includes a normally-off state in which substantially 
no current flows when Substantially no voltage bias is 
applied to first and second gate electrodes, and wherein the 
method comprises: 

forming a multitude of trenches in isolation from each 
other at the surface of the drift layer to form the cell 
area in the area in which the cell area is to be formed; 

forming a multitude of first gate areas of a second 
conductivity type in isolation from each other on inner 
walls of the multitude of trenches; 

forming a second gate area of the second conductivity 
type having almost the same depth as the first gate areas 
in isolation from the first gate areas at an area between 
the multitude of first gate areas at the surface of the drift 
layer; 

forming a source area of the first conductivity type, 
having a higher impurity concentration level than the 
drift layer on top of channel areas wherein the channel 
areas are areas that are sandwiched between the first 
and second gate areas in the drift layer, and only in the 
area where the cell area is to be formed; 

forming a source electrode electrically connected to the 
source area only in the area where the cell area is to be 
formed; 

forming the trenches, the first gate areas, and the second 
gate area in an area in which the peripheral area is to be 
formed during steps for forming the peripheral area; 
and 

forming the first gate electrodes, electrically connected to 
the first gate areas, and the second gate electrode, 
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electrically connected to the second gate area, only in 
the area in which the peripheral area is to be formed. 

6. The method of manufacturing the silicon carbide semi 
conductor device of claim 5, wherein the source area and the 
Source electrode are formed in Such a way that the source 
area and the source electrode would be connected to each 
other across the entire surface of the semiconductor sub 
strate or across an area spanning between the top of the 
channel areas and the side walls of the trenches in the area 
where the cell area is to be formed in the step for forming 
the source area and the Source electrode. 

7. The method of manufacturing the silicon carbide semi 
conductor device of claim 5, wherein: 

in the steps for forming the first gate areas and the second 
gate area, the first and second gate areas are connected 
by an area of the second conductivity type, after the 
first gate areas and the second gate area are formed; and 

in the step for forming the first gate electrodes and the 
second gate electrode, a gate electrode that is common 
to both the first and second gate electrodes is formed on 
the surface of the area of the second conductivity type. 

8. A method of manufacturing a silicon carbide semicon 
ductor device having J-FETs on a semiconductor substrate, 
having a substrate of a first conductivity type consisting of 
silicon carbide and a drift layer of the first conductivity type 
consisting of silicon carbide with a lower impurity concen 
tration level than the substrate and formed on the substrate, 
wherein the device includes a normally-off state in which 
Substantially no current flows when Substantially no voltage 
bias is applied to first and second gate electrodes, and 
wherein the method comprises: 

forming a multitude of trenches in isolation from each 
other at the surface of the drift layer; 

forming a multitude of first gate areas of a second 
conductivity type in isolation from each other on inner 
walls of the multitude of trenches; 

forming a second gate area of the second conductivity 
type having almost the same depth as the first gate areas 
in isolation from the first gate areas in an area between 
the first gate areas at the surface of the drift layer; 

forming a source area of the first conductivity type having 
a higher impurity concentration level than the drift 
layer on top of channel areas, wherein the channel areas 
are areas that are sandwiched between the first and 
second gate areas in the drift layer; 

forming the first gate electrodes that are electrically 
connected to the first gate areas: 

forming the second gate electrode that is electrically 
connected to the second gate area; 

forming a source electrode that is electrically connected to 
the source area; 

forming a drain electrode on a backside of the Substrate, 
wherein the step for forming the second gate area and 
the step for forming the trenches comprise: 

making openings in a first mask material at areas corre 
sponding to the second gate area and the trenches, after 
the first mask material is placed on the surface of the 
drift layer; 

covering the openings corresponding to the trenches in the 
first mask material by placing a second mask material 
on top of the drift layer, as well as the first mask 
material, and patterning the second mask material; 

stripping off the second mask material after forming the 
second gate area at the surface of the drift layer by ion 
implanting using the first and second mask materials as 
a mask, 
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covering the opening corresponding to the second gate 
area in the first mask material by first placing a third 
mask material on top of the drift layer, as well as the 
first mask material, and by patterning the third mask 
material; and 

stripping off the third mask, after the trenches are formed 
at the surface of the drift layer by performing an etching 
step using the first and third mask materials as a mask. 

9. A method of manufacturing a silicon carbide semicon 
ductor device having J-FETs on a semiconductor substrate, 
having a substrate of a first conductivity type consisting of 
silicon carbide and a drift layer of the first conductivity type 
consisting of silicon carbide with a lower impurity concen 
tration level than the substrate and formed on the substrate, 
wherein the device includes a normally-off state in which 
Substantially no current flows when Substantially no voltage 
bias is applied to first and second gate electrodes, and 
wherein the method comprises: 

forming a multitude of trenches in isolation from each 
other at the surface of the drift layer; 

forming a multitude of first gate areas of a second 
conductivity type in isolation from each other on inner 
walls of the multitude of trenches; 

forming a second gate area of the second conductivity 
type having almost the same dept as the first gate areas 
in isolation from the first gate areas in an area between 
the first gate areas at the surface of the drift layer; 

forming a source area of the first conductivity type having 
a higher impurity concentration level than the drift 
layer on top of channel areas, wherein the channel areas 
are areas that are sandwiched between the first and 
second gate areas in the drift layer; 

forming the first gate electrodes that are electrically 
connected to the first gate areas; 

forming the second gate electrode that is electrically 
connected to the second gate area; 

forming a source electrode that is electrically connected to 
the source area; 

forming a drain electrode on a backside of the Substrate, 
wherein the steps for forming the second gate area and 
the trenches comprise: 

making openings corresponding to the second gate area 
and the trenches in the first mask material, after placing 
the first mask material on the surface of the drift layer; 

covering the openings corresponding to the trenches in the 
first mask material by first placing a second mask 
material on top of the drift layer, as well as the first 
mask layer, and then patterning the second mask mate 
rial; 

removing the second mask material after forming a french 
for the second gate area in an area designated for the 
second gate area at the Surface of the drift layer using 
an etching process with the first and second mask 
materials as a mask, 

covering an opening corresponding to the second gate 
area in the first mask material by first placing a third 
mask material on top of the first mask material on the 
drift layer, as well as inside the trench for forming the 
second gate area, and then patterning the third mask 
material; 

stripping off the third mask material after forming the 
trenches at the surface of the drift layer with an etching 
process using the first and third mask materials as a 
mask; and 

forming the second gate area by an epitaxial growth 
method inside the trench for forming the second gate 
aca. 
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10. A method of manufacturing a silicon carbide semi 

conductor device having J-FETs on a semiconductor Sub 
strate, having a Substrate of a first conductivity type con 
sisting of silicon carbide and a drift layer of the first 
conductivity type consisting of silicon carbide with a lower 
impurity concentration level than the substrate and formed 
on the substrate, wherein the device includes a normally-off 
state in which substantially no current flows when substan 
tially no voltage bias is applied to first and second gate 
electrodes, and wherein the method comprises: 

forming a multitude of trenches in isolation from each 
other at the surface of the drift layer; 

forming a multitude of first gate areas of a second 
conductivity type in isolation from each other on inner 
walls of the multitude of trenches; 

forming a second gate area of the second conductivity 
type having almost the same depth as the first gate areas 
in isolation from the first gate areas in an area between 
the first gate areas at the surface of the drift layer; 

forming a source area of the first conductivity type having 
a higher impurity concentration level than the drift 
layer on top of channel areas, wherein the channel areas 
are areas that are sandwiched between the first and 
second gate areas in the drift layer; 

forming the first gate electrodes that are electrically 
connected to the first gate areas: 

forming the second gate electrode that is electrically 
connected to the second gate area; 

forming a source electrode that is electrically connected to 
the source area; 

forming a drain electrode on a backside of the Substrate, 
wherein, in the steps for forming the trenches and the 
first gate areas, the method of manufacturing com 
prises: 

making openings corresponding to the trenches in the first 
and second mask materials, after placing the first mask 
material and the second mask material, in that order, on 
the drift layer; 

forming the trenches at the surface of the drift layer by 
etching using the second mask material as a mask; and 

forming the first gate areas by a selective epitaxial growth 
of the semiconductor layer of the second conductivity 
type in the trenches using the first mask material as a 
mask, after Stripping off the second mask material. 

11. The method of manufacturing the silicon carbide 
semiconductor device of claim 10, wherein the trenches are 
completely filled by the first gate areas in the step for 
forming the first gate areas. 

12. A silicon carbide device comprising: 
a cell area in which a plurality of J-FETs are formed and 

a peripheral area Surrounding the cell area; 
a semiconductor Substrate that includes a Substrate of a 

first conductivity type comprised of silicon carbide and 
a drift layer of the first conductivity type, wherein the 
drift layer is comprised of epitaxially grown silicon 
carbide having a lower impurity concentration level 
than the substrate of the first conductivity type, wherein 
the drift layer is located on the substrate of the first 
conductivity type; 

a plurality of trenches formed in the surface of the drift 
layer; 

a first gate areas of a second conductivity type, wherein 
the first gate areas are formed on inner walls of the 
trenches; 

a second gate area of the second conductivity type having 
almost the same depth as the trenches, wherein the 
second gate area is formed in isolation from the first 
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gate areas at the Surface of the drift layer in an area a source electrode electrically connected to the Source 
different from where the trenches are formed; area; and 

a source area of the first conductivity type having a higher a drain electrode formed on a backside of the substrate, 
impurity concentration level than the drift layer and wherein the first and second gate electrodes ensure a 
formed on channel areas, wherein the channel areas are 5 normally-off state in which substantially no current 
located between the first and second gate areas in the flows in the channel areas when substantially no volt 
drift layer; age bias is applied to the first and second gate elec 

a gate electrode electrically connected to the first and trodes. 
second gate areas, wherein first and second gate elec 
trodes are disposed only in the peripheral area; k . . . . 


